Sensorineural hearing loss (SNHL) is a common presenting complaint, particularly in the aging population [1] and can be caused by a wide range of pathologies affecting the cochlea, cranial nerve VIII, and the central auditory pathway. The central auditory pathway includes the bony and membranous labyrinth, the internal auditory canal (IAC), the cerebellopontine angle (CPA), the brain stem, the thalamus, and the temporal lobe.
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New diagnosis of SNHL is a common reason for requesting cross sectional imaging. Given the wide range of potential pathologies (Table 1) , both high resolution computed tomography (CT) and gadolinium enhanced magnetic resonance imaging (MRI) are used in the initial assessment of SNHL although, where available, MRI is commonly used as first-line imaging.
Causes of hearing loss that primarily present with conductive or mixed hearing loss such as otosclerosis, cholesteatoma, and temporal bone fracture are not included in the scope of this review. The most common cause of SNHL is presbycusis, affecting more than one-third of adults older than 75 years of age. Presbycusis is caused by age related degenerative changes involving the organ of Corti, which are beyond the resolution of current imaging techniques. Imaging is carried out to assess for alternative, potentially treatable, causes of SNHL. The purpose of this pictorial essay is to review important radiologic features of common and infrequent clinical entities related to SNHL through a casebased review.
Imaging Protocols
In our institution, CT is the modality of choice to evaluate the bony anatomy of the temporal bones ( Figure 1 ). The MRI protocol utilised in work-up of SNHL includes sagittal T1-weighted sequence, which is first carried out to delineate gross anatomy. Axial fluid attenuated inversion recovery and axial diffusion-weighted images or apparent diffusion coefficient map sequences are then acquired through the entire brain. A detailed evaluation of the bilateral IACs is performed using thin section 3-dimensional constructive interference in steady state sequences. Oblique reformats perpendicular to the IACs are also obtained ( Figure 2 ). Axial and coronal T1 sequences are performed after the administration of intravenous gadolinium.
Pathologies

Vestibular Schwannoma
Vestibular schwannoma, a benign neurogenic tumour of the vestibular component of the vestibulocochlear nerve, is the most common cause of SNHL diagnosed on imaging [2] . The classical appearance is of a well circumscribed soft tissue mass with avid homogenous enhancement centered in the CPA with extension into the IAC giving an ''ice-creamon-cone'' appearance ( Figure 3 ) [3] .
Careful evaluation of the intracanalicular portion of cranial nerve (CN) VIII is needed as occasionally small tumours remain entirely within the IAC. In 70%-90% of cases, there are signs of IAC erosion and expansion [4] . Calcification and hemorrhage are rare. Fifteen percent will have intramural cysts [3] . Vestibular schwannoma is most commonly a unilateral lesion. When bilateral in presentation, an underlying diagnosis of neurofibromatosis type II should be considered. Okamoto et al [5] described T2 hyperintensity involving the vestibular nucleus in a minority of patients with vestibular schwannomas, a rare but helpful ancillary finding. This is postulated to represent secondary degeneration of the vestibular nucleus ( Figure 4 ). When hydrocephalus occurs in association with CPA vestibular schwannomas, it is more commonly communicating. The mechanism for communicating hydrocephalus is thought to be due to increased cerebrospinal fluid (CSF) protein secondary to tumour sloughing [6] .
Meningioma
Meningiomas are encapsulated, most commonly benign slow growing tumours which arise from arachnoid ''cap'' cells of arachnoid villi. They are the most common intracranial neoplasm accounting for almost 34% of all tumours with a female-to-male ratio of 2:1 and represent the secondmost-common cause of CPA solid masses after vestibular schwannomas [7] . Meningiomas most commonly present as an extra-axial, broad-based mass with well-defined margins ( Figure 5 ). They typically enhance avidly. The dural tail or flare sign is a commonly found, helpful adjunct finding. Calcifications are common but intralesional hemorrhage is rare. There is often hyperostosis of the adjacent calvarium, best appreciated on CT.
Glioma or Primary Central Nervous System Malignancy
Most CPA gliomas arise from exophytic extension of brainstem or cerebellar gliomas, primary CPA glioma being a rare presentation. Brainstem gliomas represent a heterogeneous group of entities with widely varying radiological appearance and prognosis ( Figure 6 ). The most common histology in cerebellar and exophytic brainstem gliomas in children is pilocytic astrocytoma. These demonstrate characteristic MRI appearance of a sharply demarcated mass with low signal intensity in T1-weighted sequences and high signal intensity in T2-weighted sequences with avid uniform enhancement postadministration of gadolinium in all but the cystic components of the tumour [8] . A brightly enhancing mural nodule is common [8] . Up to 20% can contain calcification. The presence of eosinophilic Rosenthal fibers is a characteristic feature on pathology.
Granulomatosis With Polyangiitis (Wegener's)
The differential diagnosis of dural thickening is broad and includes infectious causes such as central nervous system tuberculosis or bacterial meningitis, inflammatory causes including granulomatosis with polyangiitis and polyarteritis nodosa, neoplastic causes such as primary and metastatic malignancy, and rare pathologies such as neurosarcoidosis. Because many of these entities are indistinguishable from each other based on imaging alone, the clinical history and relevant laboratory findings are necessary to help narrow the differential diagnosis ( Figure 7 ).
Ramsay Hunt Syndrome
Ramsay Hunt syndrome (RHS) comprises a clinical syndrome of severe otalgia, vesicular rash involving the skin of the auricle, the skin of the external auditory canal and the mucus membrane of the oropharynx with an associated acute lower motor neuron facial neuropathy. There may be associated vertigo, nausea, and vomiting. RHS is caused by secondary reactivation of latent varicella zoster virus in the geniculate ganglion. If the patient presents with the classical clinical presentation, cross sectional imaging is not required for diagnosis. However, if there is uncertainty about the diagnosis, gadolinium enhanced MRI may be carried out. The typical appearance is of thickening and enhancement of the facial nerve (Figure 8 ). In a minority of patients with RHS, sudden SNHL is experienced. It has been suggested that the vertigo and SNHL experienced by patients is due to the vestibulofacial and vestibulocochlear anastomosis within the IAC [9] .
Cystic CPA Lesions
When considering extra-axial cystic lesions of the CPA, epidermoid cyst, and arachnoid cyst account for the vast majority of cases. Rarely, other cystic lesions such as dermoid cyst, neurocysticercosis, and neurenteric cyst may be considered but each of these accounts for less than 1% of CPA cystic masses. Epidermoid cysts arise from inclusion of ectodermal epithelial tissue during neural tube closure during the early weeks of embryogenesis and contain desquamated stratified keratinised epithelium and cholesterol crystals. Arachnoid cysts are fluid filled sacs of CSF lined with arachnoid membrane. On MRI, epidermoid cysts have signal characteristics similar to fluid on T1-and T2-weighted imaging but often appear mildly heterogeneously hyperintense on fluid attenuated inversion recovery. They characteristically demonstrate apparent diffusion coefficient value lower than that of CSF but higher than that of brain parenchyma in keeping with partial restricted diffusion. The high signal demonstrated on echo-planar diffusion-weighted images (B1000) is in part due to this restricted diffusion, but is also due to T2 shine-through effect. (Figure 9 ) [10, 11] . Conversely, arachnoid cysts follow CSF signal on all sequences allowing them to be easily distinguished from epidermoid cysts ( Figure 10 ) [11] . Epidermoid cysts have a soft, infiltrative morphology that can surround and stretch nerves and vessels whereas arachnoid cysts tend to displace vessels and nerves. Differentiation between the two is necessary as the treatment for epidermoid cysts is surgical excision while no management is required for most arachnoid cysts.
Labyrinthine Dysplasia
Labyrinthine dysplasia is the most common cause of congenital SNHL. Of the many dysplastic variants, large endolymphatic duct and sac is the most commonly identified anomaly. The defining characteristic of this process on temporal bone CT is of a widened vestibular aqueduct, referred to as large vestibular aqueduct syndrome (Figure 11) . The same entity is appreciable on MRI as an enlarged fluid filled endolymphatic sac. The same process identified on MRI is commonly referred to as large endolymphatic sac anomaly (Figure 12 ). To avoid confusion, the term ''large endolymphatic duct and sac'' can apply to both imaging modalities [12] . When large endolymphatic duct and sac is identified, this should prompt careful evaluation of the remainder of the labyrinth given the high rate of associated labyrinthine anomalies, particularly involving the cochlear modiolus, which is deficient in up to 94% of patients [12] .
Temporal Bone Lesions
Osseous lesions centered in the temporal bone, if expansile, can present with SNHL if they invade the CPA. The most common lesions to occur at this location include metastases, aneurysmal bone cysts and endolymphatic sac tumours. Endolymphatic sac tumour is a slow growing, permeative, destructive papillary adenomatous tumour that arises from cells lining the endolymphatic sac. Most are sporadic but when bilateral, nearly all are associated with Von Hippel Lindau syndrome. Endolymphatic sac tumours have a characteristic appearance on CT with central intratumoural bone spicules and calcification of the year-old female who presented with unilateral sensorineural hearing loss demonstrate an enhancing infiltrative mass centered in the right brachium pontis (asterisk) which extends to the right cerebellar hemisphere, the cerebellopontine angle, and cervicomedullary junction. (D) It demonstrated focal blooming artifact (black arrow) on gradient echo images reflecting hemosiderin deposition. There was no restriction of diffusion. The isolated sensorineural hearing loss was presumably secondary to infiltration of the right cranial nerve VIII nerve root exit zone as evidenced by subtle thickening and enhancement of the nerve root (white arrow). This has remained stable after 2-year follow up and is being managed as a low-grade glioma. posterior rim [13] . They typically contain foci of T1 signal hypertensity on MRI due to hemorrhage, slow flow and protein content. Aneurysmal bone cysts are reactive lesions of bone which contain multiple blood filled spaces separated by connective tissue septa. The most common precursor lesion is a giant cell tumour but other precursor lesions include osteoblastoma and chondroblastoma [14] . On imaging they appear as a very expansile, septated lesion with multiple fluid-containing locules. Fluid-fluid levels are typically best appreciated on T2-weighted sequences ( Figure 13 ).
Vascular Lesions
Vascular causes of SNHL include CPA hemangioma and large aneurysms. A loop of the anterior inferior cerebellar artery (AICA), a normal variant in which the AICA loops within the CPA has been suggested as a cause of SNHL secondary to mass effect on CN VIII. However this remains controversial. Aneurysms of the distal AICA ( Figure 14 ), or less commonly, posterior inferior cerebellar artery aneurysms and arteriovenous malformations, can cause clinically significant mass effect on CN VIII when present in the CPA. 
Conclusion
Cross-sectional imaging, in particular MRI, plays an invaluable role in the assessment and diagnosis of the wide range of pathologies that can result in sensorineural hearing loss. The radiologist should be familiar with the radiologic features of the common and infrequent clinical entities related to SNHL.
